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Background: Motivation

Å Radiant heating of aircraft & spacecraft 

structures performed since early days of high 

speed flight (design, development, qualification)

Å Common hardware: quartz lamps or graphite 

heater elements, certainly others do exist and 

are used

Å Flight is analog (continuously varying heat flux 

profile around structures)

Å Testing is digital (discretize heat flux profile two 

ways: thermal control zones, lamps)

Å Lamps used for testing do not produce a 

uniform heat flux ïlamp-specific

Å Design of lamp arrays requires optimization of 

discretization of desired heat flux profile

Å Data interpretation requires understanding of 

heat flux distribution created by lamps
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Background: Lamp Array Design Example

1. Run vehicle aero model to get surface fluxes

2. Map surface fluxes onto thermal model, include 

reradiation to space if significant, obtain nodal 

temperature distribution

3. Extract surface temperature distribution for test 

article region from vehicle thermal model 

(ñConceptual temperature distributionò)

4. Design surface temperature distribution for actual 

test article heated surface (ñdesired temperature 

distributionò) using the test article region extracted 

surface temperature distribution (knowing that test 

article is geometrically simplified/modified 

representation of actual vehicle geometry)

5. Design lamp layout and assess difference between 

optimized test article surface temperature 

distribution and ñdesired temperature distributionò 

using a single control TC in each zone (i.e. 1 point 

and surrounding region in each zone exactly meets 

the requirementérest of region is at mercy of 

discretization)
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Current methodology more empirical, after very simplified analytical 

tool (several decades ago, FORTRAN4) proved inadequate



Background: Previous Work

Å Travis Turner/LaRC, Robert Ash/ODU 

(1988-1994)

Å Y. Ohno, J.K. Jackson/NIST 

(1995/1996)

Å Zalameda (2000)

Å Undoubtedly countless industrial 

applications (in-house 

characterization for process control)

Å Contrary to our purposes, most 

industrial applications are focused on 

uniformity (drying, curing, etc.) not on 

variation

Å Our addition to the body of 

knowledge: data on our particular 

reflector, system level considerations 

(radiant exchange in different lamp 

configurations, influence of thermal 

control zone fences)
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Planned Work

Å Use Thermal Desktop/RadCAD* to 

investigate the heat flux distribution 

contributions from:

ï Individual filaments (in different reflector 

locations)

ï Reflector components

ï Thermal control zone isolation fences 

(separation distance, angle, vertical clearance 

from test article, side-to-side power difference)

ï Lamp height

ï Lamp configuration (end-to-end, side-to-side, 

staggered vs aligned rows)

Å Use existing student project (intern) 

developed test rig, collect heat flux 

distribution data on the variables identified 

above

Å Compare pre-test predictions with data, refine 

model or test fixture if necessary

Å Generate functional forms to describe heat 

flux distribution dependencies
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Terminology
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Flat Reflector

Fillet

Longitudinal Sides

Ends
Outboard

Mid

Inboard

NB: Outboard filaments almost 

centered on edge of flat portion of 

reflector (+/-1.0025 vs +/-1.0062)

Transverse



One or Six Filaments, Base, No Reflector
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6X

Same trend & relationship for 

longitudinal distribution



One Filament at 3 Locations, Base, Flat Reflector
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Outboard

Mid

Inboard



1 Filament @ 3 Locations, Base, Flat Reflector
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Inboard filaments are very nearly 

directly over the central elements, so 

the mid and outboard filaments 

contribute both direct as well as 

reflected energy, this matches what 

would be expected from centerline 

results on previous slide



One Filament, Base, Reflector Component Combinations
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Filament Position: Mid



1 Filament, Base, Reflector Component Combinations
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Filament Position: Mid

NB: Again, Flat+Ends 

differs little from 

Flat, as expected. 

Benefit of knowledge: 

not as important to 

characterize optical 

properties of ends

NB: Fillets and Longitudinal Sides 

contribute significantly to increasing 

the Mid filament exchange factor to 

centerline, as expected



1 Filament @ 3 Locations, Base, Full Reflector
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NB: The three positions follow the 

same general trends as the flat 

reflector, but with more features 

due to more complicated reflections


